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Summary 
Reason for performing study: To provide evidence to support recommendations regarding the co-
administration of drugs with mesenchymal stem cell (MSC) therapy. 
Objectives: To determine the influence of sedatives, local anaesthetic and corticosteroids on MSC 
viability and proliferation, in comparison to somatic cells derived from tendon (TDCs).  
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Study design: In vitro cell culture. 
Materials and methods: MSCs (n = 3) and TDCs (n = 2) were cultured in media containing a clinically 
relevant dose range of xylazine, romifidine, detomidine and butorphanol, mepivacaine, 
methylprednisolone or triamcinolone acetonide. Cell viability in suspension culture was assessed at 
intervals up to 4 h using the trypan blue dye assay. MSCs in monolayer culture were exposed to the 
highest concentrations of drug and proliferation was measured using the alamarBlue® fluorescence 
assay.  
Results:  Exposure to romifidine or mepivacaine did not significantly affect viability or proliferation rate 
of MSCs or TDCs, at any of the dosages tested. At the highest concentration of detomidine and 
butorphanol, MSC viability was significantly reduced compared to controls. Although xylazine 
exposure caused a significant (p<0.001), dose-dependent reduction in MSC viability compared to 
controls, overall population viability remained good. Conversely, both methylprednisolone and 
triamcinolone resulted in the rapid death of significant numbers of MSCs (p<0.001).  
Conclusions: Clinicians can sedate horses and administer nerve blocks to assist in intra-tendinous or 
intra-thecal injection of MSCs with confidence that these drugs will not impact the viability of 
implanted cells. However, the concomitant use of corticosteroids is likely to have a severely 
detrimental effect on cell viability and should not be performed. Similarly, steroid administration into 
the sheath of a damaged tendon is not recommended.  
 
Introduction 
The horse is prone to overstrain injury of the palmar soft tissue structures of the distal limb, 
particularly the superficial digital flexor tendon (SDFT). Intra-lesional implantation of mesenchymal 
stem cells (MSCs) has shown significantly improved outcomes and reduced re-injury rates for the 
treatment of SDFT overstrain injuries [1, 2]. The use of MSCs to treat meniscal tears [3] and 
osteoarthritis [4-6] has also been trialled in the horse although with variable outcomes. There is 
currently considerably less well-scrutinised evidence for the clinical use of MSCs to treat other 
diseases although early stage experimentation suggests promise with regard to their use for a range 
of tissues [7-9]. However, studies have shown that a large number of cells are lost following injection 
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into tendons [10-14]. It is therefore important to optimise the survival and retention of implanted cells 
at the site of injury.     
In contrast to humans, chemical restraint of large animals (by standing sedation and/or local 
anaesthesia) is standard practice [2], and the use of additional drugs may have an adverse effect on 
the cells. Adverse effects of co-administered drugs can unknowingly hamper a therapeutic effect. 
Although it is not recommended that corticosteroids and/or antibiotics be administered simultaneously 
during stem cell implantation, it is possible that this practice persists, particularly if cells are implanted 
into a synovial joint, or tendon sheath. Therapeutic concentrations of some antibiotics have been 
shown to have a negative effect on the viability of equine and human MSCs [15-17]. Although the acid 
pH of the drug-media combination may have contributed to the reported rapidity of cell death, pH 
buffering served only to delay it [15]. In contrast, non-steroidal anti-inflammatories had positive effects 
on equine MSC proliferation and migration at low concentrations, whereas higher concentrations had 
detrimental effects on cells [18]. In addition, the findings of a small study which reported the 
pronounced and rapid death of equine MSCs following exposure to undiluted mepivacaine (20 
mg/mL) [19], are supported by a broader study describing the deleterious effects of several amide-
type local anaesthestics on human MSCs [20].  
No other drugs have been tested on equine MSCs but, in a study of human MSCs, all commonly used 
intra-articular corticosteroids reduced cell viability in a dose-dependent manner, although significant 
differences were apparent between drugs [21]. Cytotoxic effects of corticosteroids have also been 
reported in human fibroblasts [22] and lymphocytes [23]. However, when exposed to a range of much 
lower doses (0.001 - 100 mM) of budesonide or dexamethasone cell viability, metabolic activity and 
morphology were unaffected and the immunomodulatory function of MSCs was actually enhanced, 
through increased indoleamine-pyrrole 2,3-dioxygenase (IDO) expression [24]. 
The purpose of this in vitro study was to evaluate the effects on viability and proliferation of equine 
MSCs and tendon-derived cells of drugs commonly used during the diagnosis or treatment of 
musculoskeletal disease (sedatives, local anaesthetics and corticosteroids) at concentrations that 
might be achieved clinically.  
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Materials and Methods 
Isolation of cells: Bone marrow-derived MSCs (n = 3 horses) and somatic cells derived from tendon 
(TDC, n = 2 horses) were obtained as previously described [25, 26] and stored in Bambanker™ cell 
freezing medium
a
 in liquid nitrogen or at -80°C until use. For experiments, cells were seeded in D10 
medium (Dulbecco’s Modified Eagle Medium
b
, supplemented with fetal bovine serum
b 
(10% v/v), 100 
U/mL penicillin
b
 and 100 U/mL streptomycin
b
) and expanded to required numbers (at 37°C in a 
humidified atmosphere of 5% CO2), then detached from the culture flasks by 1% trypsin-EDTA 
treatment
c
 and counted.  
Preparation of drugs: Drug suspensions were prepared in D10 as detailed in Table 1. The following 
assumptions were made in order to calculate drug concentrations: for intravenously administered 
drugs (sedatives), the usual drug dose was divided by the blood volume of a 500 kg horse (50 L) [27]; 
for drugs administered intra-synovially (corticosteroids, local anaesthetics), the drug dose was divided 
by the average volume of a tendon sheath (12 mL, estimated volume of a moderately distended 
sheath); for drugs administered into the subcutaneous space (local anaesthetics), the concentration 
will vary with diffusion from the injection site. The effective concentration (0.3 µg/mg tissue, equivalent 
to 0.3 mg/mL) has been measured in sites adjacent to that of mepivacaine injection in the foot [28] 
which was used for our choice of minimal concentration, and thereafter increased to reflect cases 
where the MSC injection site might be more intimately associated with local anaesthetic injection. 
Cell viability: Cells were re-suspended at a concentration of 0.5 x 10
6 
cells/mL in 1 mL media 
containing the test drugs and incubated in 12-well suspension culture dishes. For each of 3 horses, 
one replicate for each drug concentration (control (D10, no drug), high, medium and low) was tested. 
At each sampling time point, 20 μL of cell suspension was removed and mixed with 20 μL of 0.4% 
trypan blue solution
d
 for 2 min. Live and dead cells were counted using a haemocytometer micro-
chamber under a light microscope [28]. A minimum of 100 cells were counted at each time point to 
calculate the percentage of live and dead cells. Plates were returned to the incubator until the next 
sampling time point. 
Cell proliferation: The effect of mepivacaine (Intraepicaine)
e
, romifidine (Sedivet)
f
, detomidine 
(Dormosedan)
g
 and butorphanol (Torbugesic)
g
 or xylazine (Rompun)
h
 exposure on the proliferation 
rate of MSCs was assessed using alamarBlue®
i
 (AbD Serotec, Kidlington, UK). The proliferation of 
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cells following steroid exposure was not assessed due to the observed negative effect on viability. 
20,000 cells were seeded into each well of a 12 well culture plate
j
 and allowed to adhere overnight. 
The following day a baseline reading of fluorescence was obtained; media was replaced with D10 
containing 10% alamarBlue® and incubated in the dark for 4 h. One hundred μL aliquots of media 
were transferred, in triplicate, to fluoro-microtitre plates
k
 and fluorescence was measured at 570 nm 
(excitation) and 585 nm (emission) (Infinite M200 PRO fluorometer
l
). Cells were washed and media 
was replaced with 1 mL D10 containing the highest concentration of each drug, or with fresh D10 in 
the case of the control. After 20 min, 1 h or 4 h, wells were washed twice with PBS and left in 1 mL 
D10 (no drugs added) overnight. The assay was repeated at 3, 4 and 6 days post drug-exposure. 
Data analysis: Within each drug, a linear mixed effects model was used to assess the effect of 
concentration and time on viability (expressed as a percentage) with a compound symmetry structure 
used to account for the repeated measures. No comparison was made between drugs. Fixed effects 
were drug concentration and time.  A p value of ≤0.05 was considered significant. Modelling was 
performed using PASW software (version 18)
m
. 
 
Results 
MSC viability: Mean cell viability at the start of the experiment was 95%. Exposure to romifidine did 
not significantly affect viability of MSCs compared to controls. In contrast, xylazine induced a 
significant, dose-dependent reduction in MSC viability at all tested doses (after 4 h mean viabilities 
were: high dose 72%, medium dose 73%, low dose 74%; all p<0.001 compared to controls). Low 
dose detomidine and butorphanol resulted in significantly higher viability (93%) than medium (90%) or 
high dose drug (77%; both p<0.001). High dose detomidine and butorphanol significantly reduced cell 
viability compared to controls (p = 0.007). Exposure to mepivacaine did not significantly affect viability 
of MSCs, at any of the dosages tested (Fig 1). 
Both methylprednisolone and triamcinolone significantly reduced MSC viability compared to controls 
at all concentrations (all p<0.001). Cell death occurred almost immediately (within 20 min) following 
exposure to methylprednisolone
g
. In high dose suspension no live cells were detectable after 1 h and 
after 4 h in low dose suspension, cell viability was only 35%. Cell death was less rapid with 
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triamcinolone
n
 (within 2 h) but by 4 h, cell viability was below 50% in all tested concentrations (Fig 2 
A, B). Increased concentrations of both corticosteroids resulted in a significant increase in cell death 
rate (all doses p<0.001). Cell viability correlated strongly with increased drug concentration (R
2
 value 
range: 0.74 (mepivacaine) – 0.95 (depomedrone), Fig 2E). 
Differentiated cell viability: Mepivacaine did not reduce TDC viability (Fig 1E). However, both 
methylprednisolone and triamcinolone caused a dose-dependent, significant reduction in TDC viability 
(all p<0.001) with similar kinetics to that shown by MSCs (Fig 2 C, D). 
Proliferation: Proliferation rate of MSCs was not significantly affected by exposure to detomidine and 
butorphanol, mepivacaine, romifidine or xylazine compared to control cells (Fig 3). Duration of drug 
exposure (from 20 min to 4 h) had no impact (data not shown).  
 
Discussion 
Although the precise mechanism by which MSCs implanted into core SDFT lesions result in improved 
healing is still unknown, it is logical to deduce that survival with or without further proliferation of 
implanted cells is important for clinical effect. Neither property was affected by exposure to romifidine 
or to mepivacaine. While the dosages tested were representative of blood concentrations at the point 
of injection, tissue levels would be expected to be even lower so long as significant haemorrhage did 
not occur at the time of implantation [29]. Therefore, MSCs implanted into a core SDFT lesion or 
tendon sheath are likely to encounter concentrations below those tested here. In general, cell viability 
exposed to even the highest concentrations of drugs tested (concentrations far above those likely to 
be achieved at the actual site of cell injection) remained high. Nonetheless, viability of MSCs exposed 
to the highest concentration of xylazine was significantly reduced and although remaining at 
approximately 75%, this additional loss could be clinically significant. Dead cells at the site of injection 
could contribute to a local inflammatory reaction. As a result, if prolonged, heavy or repeated sedation 
of a particularly fractious horse is likely to be necessary, sedation with romifidine, or a combination of 
detomidine and butorphanol should be considered in preference to xylazine.  
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The concentration of local anaesthetic to which implanted cells are likely to be exposed, ranges 
widely depending on proximity to a subcutaneous injection or intra-synovially administered local 
analgesia. True exposure is likely to be considerably lower than the concentrations used here, since 
local anaesthetic is injected extra-vascularly in the region of the target nerve and studies using 
contrast have suggested that diffusion is along the fascial planes rather than into the body of the 
tendon [30]. A recent study has documented diffusion into adjacent synovial structures after injection 
of local anaesthetic into the digital flexor tendon sheath although the levels are considerably lower 
than used here, even after 60 min (maximum of 0.0005 mg/mL), and therefore represent minimal risk 
to implanted cells [31]. Therefore, combined with the results presented here, the use of a regional 
nerve block to assist in control of the horse’s limb and accurate injection of MSCs into a tendon body 
or sheath can be employed. 
Our data agrees with previously published results reporting the decreased viability of human MSCs in 
suspension containing corticosteroids [21]. TDC viability was similarly reduced suggesting a non-
specific mode of action on cells in suspension. It was noted that methylprednisolone suspension in 
culture media was a more basic pH than that of the other drugs studied. Previous in vitro studies have 
also suggested that corticosteroid exposure can inhibit the regenerative properties of human tendon 
stem cells [32] and may also augment undesirable adipogenesis in murine MSCs [33]. When 
considering these reasons and the poor viability demonstrated in the current study, the authors would 
strongly advise against treating with corticosteroids immediately after stem cell treatment. 
These experiments were conducted over a relatively short time course and so it is possible that while 
viability was not altered, delayed apoptosis could have been initiated. Further study is necessary to 
determine if any of these downstream events occur in MSCs. 
In conclusion, equine practitioners should continue to sedate horses and/or can administer a regional 
nerve block prior to administration of MSCs, as this will not adversely affect cell viability or 
proliferation. Corticosteroids should not be used concurrently or administered into the sheath of a 
damaged tendon. 
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h
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Figure legends: 
Fig 1: Cell viability (percentage) measured by trypan blue exclusion assay. Viability of mesenchymal 
stem cells (MSCs, n = 3 horses) and tendon derived cells (TDCs, n = 2 horses) suspended for up to 4 
h in control media (D10 only) or a range of concentrations of A) xylazine (0.02 – 0.005 mg/mL); B) 
detomidine and butorphanol (0.001 - 0.00025 mg/mL + 0.002 – 0.0005 mg/mL); C) romifidine (0.001 – 
0.00025 mg/mL) and D, E) mepivacaine (1.2 - 0.3 mg/mL).  Error bars represent 95% confidence 
intervals. 
 
Fig 2: Cell viability (percentage) measured by trypan blue exclusion assay. Viability of mesenchymal 
stem cells (MSCs, n = 3) and tendon derived cells (TDCs, n = 2) suspended for up to 4 h in control 
media (D10 only) or a range of concentrations of A, C) triamcinolone (0.8 – 0.2 mg/mL) and B,D) 
methylprednisolone (8 – 2 mg/mL). E) Cell viability of MSCs suspended in each concentration of the 
test drugs. Error bars represent 95% confidence intervals. 
 
Fig 3: Cell proliferation for mesenchymal stem cells.  MSCs (n = 3) in monolayers were assayed by 
alamarBlue® following exposure to high dose detomidine and butorphanol (0.001 mg/mL + 0.002 
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mg/mL), mepivacaine (1.2 mg/mL), romifidine (0.001 mg/mL) or xylazine (0.02 mg/mL) for 4 h. Control 
cells were cultured in D10 medium only. Data points are the mean of values obtained from 3 horses 
and error bars represent the standard error of the mean. 
 
Supplementary Information 
Supplementary Item 1: Percentage viability for mesenchymal stem cells (all n = 3 horses) 
exposed to high, medium and low doses of test drug. 
Table 1: Drug concentrations used for viability experiments. Proliferation experiments were performed 
in media containing the highest indicated concentration.  
 
 
Drug 
 
Drug 
concentration 
(mg/mL) 
 
Clinical dose 
range 
 
Concentration in 
blood/ tissues/ 
synovial cavity 
mg/mL 
Concentration used in culture 
(mg/mL) 
 
pH of 
High 
dose 
 
High 
 
Medium 
 
Low 
Intravenously injected        
Xylazine
h
 20 0.5-1 mg/kg 0.005-0.01 0.02 0.01 0.005 
 
7.82 
Detomidine
g 
(in combination with)  
Butorphanol
g
 
 
Romifidine
f
 
10 
10 
 
10 
0.01 mg/kg 
0.025 mg/kg 
 
0.04-0.12 mg/kg 
 
0.0001 
0.00025 
 
0.0004-0.0012 
0.001 
0.002 
 
0.001 
0.0005 
0.001 
 
0.0005 
 
0.00025 
0.0005 
 
0.00025 
 
8.2 
 
 
8.4 
Locally injected        
Mepivacaine
e  
 20 2 mL at multiple 
sites 
20 (initial 
concentration) 
1.2 0.6 0.3 7.56 
Intra-synovially injected 
 
       
Methylprednisolone
g
 40 40-80 mg/ 
sheath/joint 
 
4-8 8 4 2 
 
8.59 
Triamcinolone acetonide
n
 10 10 mg/ 
sheath/joint 
0.8 0.8 0.4 0.2 8.51 
 
        
 
 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
References 
1. Smith, R.K., Werling, N.J., Dakin, S.G., Alam, R., Goodship, A.E. and Dudhia, J. (2013) 
Beneficial effects of autologous bone marrow-derived mesenchymal stem cells in naturally 
occurring tendinopathy. PLoS One 8, e75697. 
2. Godwin, E.E., Young, N.J., Dudhia, J., Beamish, I.C. and Smith, R.K. (2012) Implantation of 
bone marrow-derived mesenchymal stem cells demonstrates improved outcome in horses 
with overstrain injury of the superficial digital flexor tendon. Equine Vet. J. 44, 25-32. 
3. Ferris, D.J., Frisbie, D.D., Kisiday, J.D., McIlwraith, C.W., Hague, B.A., Major, M.D., Schneider, 
R.K., Zubrod, C.J., Kawcak, C.E. and Goodrich, L.R. (2014) Clinical outcome after intra-
articular administration of bone marrow derived mesenchymal stem cells in 33 horses with 
stifle injury. Vet. Surg. 43, 255-265. 
4.           Wilke, M.M., Nydam, D.V. and Nixon, A.J. (2007) Enhanced early chondrogenesis in articular 
defects following arthroscopic mesenchymal stem cell implantation in an equine model. J. 
Orthop. Res. 25, 913-925. 
5. McIlwraith, C.W., Frisbie, D.D., Rodkey, W.G., Kisiday, J.D., Werpy, N.M., Kawcak, C.E. and 
Steadman, J.R. (2011) Evaluation of intra-articular mesenchymal stem cells to augment 
healing of microfractured chondral defects. Arthroscopy 27, 1552-1561. 
6. Frisbie, D.D. and Stewart, M.C. (2011) Cell-based therapies for equine joint disease. Vet. Clin. 
North Am. Equine Pract. 27, 335-349. 
7. Qiu, Y., Yun, M.M., Han, X., Zhao, R., Zhou, E. and Yun, S. (2014) Human umbilical cord 
mesenchymal stromal cells suppress MHC class II expression on rat vascular endothelium 
and prolong survival time of cardiac allograft. Int. J. Clin. Exp. Med. 7, 1760-1767. 
8. Tan, C.Y., Lai, R.C., Wong, W., Dan, Y.Y., Lim, S.K. and Ho, H.K. (2014) Mesenchymal stem 
cell-derived exosomes promote hepatic regeneration in drug-induced liver injury models. 
Stem Cell Res. Ther. 5, 76. 
9. Donega, V., Nijboer, C.H., van Tilborg, G., Dijkhuizen, R.M., Kavelaars, A. and Heijnen, C.J. 
(2014) Intranasally administered mesenchymal stem cells promote a regenerative niche for 
repair of neonatal ischemic brain injury. Exp. Neurol. 261C, 53-64. 
10. Becerra, P., Valdés, M.A., Fiske-Jackson, A.R., Dudhia, J., Neves, F., Hartman, N.G. and Smith 
R.K.W. (2013) The distribution of injected technetium99m-labelled mesenchymal stem cells 
in horses with naturally-occurring tendinopathy. J. Orthop. Res. 31, 1096-1102. 
11.         Guest, D.J., Smith, M.R. and Allen, W.R. (2008) Monitoring the fate of autologous and 
allogeneic mesenchymal progenitor cells injected into the superficial digital flexor tendon of 
horses: preliminary study. Equine Vet. J. 40, 178-181. 
12. Guest, D.J., Smith, M.R. and Allen, W.R. (2010) Equine embryonic stem-like cells and 
mesenchymal stromal cells have different survival rates and migration patterns following 
their injection into damaged superficial digital flexor tendon. Equine Vet. J. 42, 636-642. 
13. Sole, A., Spriet, M., Galuppo, L.D., Padgett, K.A., Borjesson, D., Wisner, E.R., Brosnan, R.J. and 
Widal, M.A. (2011) Scintigraphic evaluation of intra-arterial and intravenous regional limb 
perfusion of allogeneic bone marrow-derived mesenchymal stem cells in the normal equine 
distal limb using 99mTc-HMPAO. Equine Vet. J. 44, 594-599. 
14. Sole, A., Spriet, M., Padgett, K.A., Vaughan, B., Galuppo, L.D., Borjesson, D.L., Wisner, E.R. 
and Vidal, M.A. (2013) Distribution and persistence of technetium-99 hexamethyl propylene 
amine oxime-labelled bone marrow-derived mesenchymal stem cells in experimentally 
induced tendon lesions after intratendinous injection and regional perfusion of the equine 
distal limb. Equine Vet. J. 45, 726-731. 
15. Bohannon, L.K., Owens, S.D., Walker, N.J., Carrade, D.D., Galuppo, L.D. and Borjesson, D.L. 
(2013) The effects of therapeutic concentrations of gentamicin, amikacin and hyaluronic acid 
on cultured bone marrow-derived equine mesenchymal stem cells. Equine Vet. J. 45, 732-
736. 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
16. Parker, R.A., Clegg, P.D. and Taylor, S.E. (2012) The in vitro effects of antibiotics on cell 
viability and gene expression of equine bone marrow-derived mesenchymal stromal cells. 
Equine Vet. J. 44, 355-360. 
17. Chang, Y., Goldberg, V.M. and Caplan, A.I. (2006) Toxic effects of gentamicin on marrow-
derived human mesenchymal stem cells. Clin. Orthop. Relat. Res. 452, 242-249. 
18. Müller, M., Raabe, O., Addicks, K., Wenisch, S. and Arnhold, S. (2011) Effects of non-steroidal 
anti-inflammatory drugs on proliferation, differentiation and migration in equine 
mesenchymal stem cells. Cell Biol. Int. 35, 235-248. 
19.         Broeckx, S., de Vries, C., Suls, M., Guest, D.J. and Spaas, J.H. (2013) Guidelines to Optimize 
Survival and Migration Capacities of Equine Mesenchymal Stem Cells. J. Stem Cell Res. Ther. 
3, 147. 
20. Dregalla, R.C., Lyons, N.F., Reischling, P.D. and Centenoa, C.J. (2014) Amide-Type Local 
Anesthetics and Human Mesenchymal Stem Cells: Clinical Implications for Stem Cell 
Therapy. Stem Cells Transl. Med. 3, 365-374.  
21.         Wyles, C.C., Houdek, M.T., Wyles, S.P., Wagner, E.R., Behfar, A. and Sierra, R.J. (2014) 
Differential Cytotoxicity of Corticosteroids on Human Mesenchymal Stem Cells. Clin. Orthop. 
Relat. Res. 473, 1155-1164. 
22. Hammer, S., Sauer, B., Spika, I., Schraut, C., Kleuser, B. and Schafer-Korting, M. (2004) 
Glucocorticoids mediate differential anti-apoptotic effects in human fibroblasts and 
keratinocytes via sphingosine-1-phosphate formation. J. Cell Biochem. 91, 840-851. 
23. Distelhorst, C.W. (2002) Recent insights into the mechanism of glucocorticosteroid-induced 
apoptosis. Cell Death Differ. 9, 6-19. 
24. Ankrum, J.A., Dastidar, R.G., Ong, J.F., Levy, O. and Karp, J.M. (2014) Performance-enhanced 
mesenchymal stem cells via intracellular delivery of steroids. Sci. Rep. 4, 4645. 
25. Garvican, E.R., Dudhia, J., Alves, A.L., Clements, L.E., Plessis, F.D., Smith, R.K. (2014) 
Mesenchymal stem cells modulate the release of matrix proteins from tendon surfaces in 
vitro: a potential beneficial therapeutic effect. Regen. Med. 9, 295-308. 
26. Smith, R.K., Korda, M., Blunn, G.W. and Goodship, A.E. (2003) Isolation and implantation of 
autologous equine mesenchymal stem cells from bone marrow into the superficial digital 
flexor tendon as a potential novel treatment. Equine Vet. J. 35, 99-102. 
27.         Garcia-Villar, R., Toutain, P.L., Alvinerie, M. and Ruckebusch, Y. (1981) The pharmacokinetics 
of xylazine hydrochloride: an interspecific study. J. Vet. Pharm. Ther. 4, 87-92. 
28. Strober, W. (2001) Trypan blue exclusion test of cell viability. Curr. Protoc. Immunol. 
Appendix 3B. 
29. Salonen, J.S., Vaha-Vahe, T., Vainio, O. and Vakkuri, O. (1989) Single-dose pharmacokinetics 
of detomidine in the horse and cow. J. Vet. Pharm. Ther. 12, 65-72. 
30. Nagy, A., Bodo, G., Dyson, S. J. Szabo, F. and Barr, A.R.S. (2009) Diffusion of contrast medium 
after perineural injection of the palmar nerves: an in vivo and in vitro study. Equine Vet. J. 
41, 379-383. 
31. Keegan, K.G., Wilson, D.A., Kreeger, J.M., Ellersieck, M.R., Kuo, K.C. and Li, Z. (1996) Local 
distribution of mepivacaine after distal interphalangeal joint injection in horses. Am. J. Vet. 
Res. 57, 422-426. 
32.         Zhang, J., Keenan, C. and Wang, J.H. (2012) The effects of dexamethasone on human patellar 
tendon stem cells: implications for dexamethasone treatment of tendon injury. J. Orthop. 
Res. 31, 105-110. 
33. Fredriksson, M., Li, Y., Stålman, A., Haldosén, L. and Felländer-Tsai, L. (2013) Diclofenac and 
triamcinolone acetonide impair tenocytic differentiation and promote adipocytic 
differentiation of mesenchymal stem cells. J. Orthop. Surg. Res. 8, 30. 
 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
 
 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
 
